Paraferrimonas haliotis sp. nov., isolated from the intestine of abalone, Haliotis discus hannai and emendation of description of the genus Paraferrimonas values of AFRC7-2-1 T and CFD7-4-2 compared with P. sedimenticola NBRC 101628 T was 71.3-71.5 %. The predominant fatty acids (>5 %) of strains AFRC7-2-1 T and CFD7-4-2 were iso-C 15 : 0 , iso-C 13 : 0 , C 14 : 0 , C 16 : 0 , C 17 : 1 !8c and summed feature 3 (C 16 : 1 !7c/C 16 : 1 !6c). The quinone system of strains AFRC7-2-1 T and CFD7-4-2 were quinone-8, menaquinone-6, menaquinone-7, and quinone-7. The predominant polar lipids of strain AFRC7-2-1 T were identified as phosphatidylethanolamine (PE), phosphatidylglycerol (PG), one unidentified phospholipid (PL), and three minor unidentified lipids (Ls). The genomic DNA G+C contents of two strains were 47.2 mol%. In summary, the two strains represented a novel species of the genus Paraferrimonas, for which the name Paraferrimonas haliotis sp. nov. was proposed, with type strain AFRC7-2-1 T (=MCCC
The genus Paraferrimonas is a member established within the family Ferrimonadaceae of the order Alteromonales [1] . This genus contains only one species so far, the P. sedimenticola, which was isolated from marine sediment [1] . The characteristics of Paraferrimonas is described as facultative anaerobic, motile, requiring NaCl, having the ability of reducing Fe(III) to Fe(II), Q-8, MK-7 and MK-6 as the major quinones, iso-C 15 : 0 , summed feature 3 (C 16 : 1 !7c/iso-C 15 : 0 2-OH), C 18 : 1 !7c, C 16 : 0 and iso-C 13 : 0 as the major cellular fatty acids, phosphatidylethanolamine (PE) and phosphatidylglycerol (PG) as the major polar lipids, and DNA G+C content ranged from 50 to 51 mol% [1] .
During our investigation into the intestinal microbiota of cultivated abalone, Haliotis discus hannai using culturedependent method, two strains belonging to the genus Paraferrimonas were isolated. The partial 16S rRNA gene sequences obtained by PCR using bacterial universal primers, Eubac27F and 1492R, showed <97.0 % similarity with all described bacterial species, indicating they might represent a novel taxa. In this study, we aimed to identify the taxonomic position of the two strains using the polyphasic taxonomic approaches.
Strain AFRC7-2-1 T was isolated from the intestine of abalone, H. discus hannai collected from an abalone raft in Tangdong village, Jinjiang, Fujian Province using Marine Agar 2216 (MA, BD). Strain CFD7-4-2 was also isolated from the intestine of abalone, H. discus hannai collected from an abalone farm in Nanjiang village, Jinjiang, Fujian Province using Marine Broth 2216 (MB, BD Difco) and 1.5 % carrageenan (w/v) as gelling agent. The two strains were streaked for pure culture, and stored at À80 C using 20 % glycerol (v/v).
Total DNA of the two strains was extracted using the Bacterial Genomic Extraction kit (SBS) according to the protocol of the kit. The draft genomes of the two strains were sequenced on Illumina Hiseq 2000 platform (Shanghai Majorbio Bio-Pharm Technology Co.) according to the manufacturer's instructions. The pair-end 150 (PE150) reads were assembled using SPAdes version 3.6.0 with the default parameters for assembling pair-end reads of 150 bp [2] . The genomic DNA G+C content was assessed through QUAST [3] . The G+C content of the two strains was 47.2 mol%. The complete 16S rRNA genes of the two strains were identified and extracted by using barrnap software (http://www.vicbioinformatics.com/software.barrnap.shtml). The 16S rRNA gene sequences (1540 bp) of the two strains had a similarity of 99.7 %, indicating they belonged to the same species.
The closest taxa of strain AFRC7-2-1 T were searched against the nucleotide database in NCBI (http://www.ncbi.nlm.nih. gov/) and the EzBioCloud database [4] . BLAST searching in NCBI showed that strain AFRC7-2-1 T shared 100 % sequence similarity with an isolate Paraferrimonas sp. CGB11 (NCBI GenBank accession number: GU070670) obtained from the cage-cultured adult small abalone, H. diversicolor [5] . EzBioCloud searching showed that strains AFRC7-2-1 T and CFD7-4-2 had the highest sequence similarity of 97.3-97.5 % with Paraferrimonas sedimenticola NBRC 101628 T , and of <94.0 % with other species. Neighbour-joining (NJ) [6] and maximum-likelihood (ML) [7] phylogenetic trees were constructed by using MEGA7.0 [4] . The node support of the tree topology was evaluated through bootstrapping estimation of 1000 resamplings for each approach [8] . The substitution model of neighbour-joining was maximum composite likelihood. The best substitution model TN93+G+I for ML tree was determined under the lowest BIC selection scores (Bayesian Information Criterion) using the 24 different nucleotide substitution models. Phylogenetic relationship showed that strains AFRC7-2-1 T and CFD7-4-2 formed a tight clade grouping with the isolate Paraferrimonas sp. CGB11 and P. sedimenticola NBRC 101628 T , and paralleled with the species within the genera Ferrimonas and Shewanella of Alteromonales in Gammaproteobacteria (Figs 1 and S1 , available in the online version of this article).
P. sedimenticola NBRC 101628
T was obtained from NBRC (NITE Biological Resource Centre NBRC, Japan) as a reference strain. The genome of strain NBRC 101628
T was determined as above. DNA-DNA hybridization (DDH) and average nucleotide identify (ANI) among strains AFRC7-2-1 T , CFD7-4-2 and P. sedimenticola NBRC 101628 T were calculated using the online Genome-to-Genome Distance Calculator (GGDC, http://ggdc.dsmz.de/) [9] and EzBioCloud online tools [10] . The results showed that the ANI compared between AFRC7-2-1
T and CFD7-4-2 was 99.3 %, greater than the standard criteria of 95.0-96.0 % for separation of bacterial species, which demonstrated that the two strains belonged to a single species. DDH value of AFRC7-2-1 T and CFD7-4-2 compared with P. sedimenticola NBRC 101628
T was 18.8-18.9 %, ANI of AFRC7-2-1 T and CFD7-4-2 compared with P. sedimenticola NBRC 101628
T was 71.3-71.5 %. These results strongly supported that these two strains AFRC7-2-1 T and CFD7-4-2 represent a novel species.
The colony of strains AFRC7-2-1 T and CFD7-4-2 cultured on MA at 28 C for 3 days was 1-2 mm in diameter, circular, and rose-colored (Fig. S2 ). The morphology of bacterial cells was observed using transmission electron microscopy (TEM) after negatively staining (JEM-2100). The result showed it was stick-shaped, 1.3-1.8Â0.5 µm, and non-flagellated (Fig. S3 ). Gram stain was tested using hopebio Gram stain kit (High-tech park hopebio biology, Qingdao, China). The result showed the two strains were negatively stained. Oxidase was tested using the oxidase reagent (bioM erieux) to observe the simultaneous colour change of the colony stabilized on filter membrane. Catalase activity was detected through the observation of bubble generation in 3 % H 2 O 2 solution (v/v). The results showed that activities of oxidase and catalase were both positive for the two strains. Anaerobic growth was tested in MB with yeast extract as an electron donor in anaerobic flasks. The medium was meanwhile added with L-cystine (0.5 g l À1 ) and resazurin (0.1 %) as anaerobic indicator. The two tested strains were cultured at 28 C for 5-7 days. The result showed that they can grow under anaerobic conditions. Iron reduction experiment was tested in MB in anaerobic flasks with yeast extract as the electron donor and 10 mM Fe oxyhydroxide [FeO(OH)] as the electron acceptor to observe whether the colour changed from red to black, according to [11] with a minor revision. The result showed that both strain AFRC7-2-1 T and strain CFD 7-4-2 could reduce Fe(III) to Fe(II) (Fig. S4) .
The growth conditions of temperature, salinity, and pH were tested for the two strains as follows. The growth temperature was set to 4, 10, 15, 25, 28, 37 and 45 C. Two strains were maintained on MA plate for a week. The optimal salinity was determined using the basic formula of MB [BD] except NaCl, which was supplemented with appropriate concentrations of NaCl of 0, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, and 15 % (w/v). The optimal pH was tested in MB medium ranging from 3 to 11 at intervals of 1, adjusted with citrate/phosphate buffer (pH, 3-7), Tris/HCl buffer (pH, [8] [9] and sodium carbonate/sodium bicarbonate buffer (pH, 10-11). The result showed that growth of the two strains was observed under the temperature from 15 to 37 C with optimum of 28 C, no growth was observed at 45 C; salinity from 0.5 to 6 % (NaCl, w/v) with optimum of 3 to 4 %, and pH from 6 to 10 with optimum of 7 to 8.
Physiological and biochemical features were tested using API 20NE, API 20E and API ZYM kit (bioM erieux) according to the manufacturer's instructions. For these assays, strains AFRC7-2-1
T and CFD7-4-2 and reference strain P. sedimenticola NBRC 101628 T were maintained on MA plates at 28 C for 2 days, then cells were collected and suspended with sterile seawater, and inoculated into API 20NE, API 20E and API ZYM test strips. Test strips were incubated at 28 C. The physiological properties of the three kinds of test strips were determined according to the manufacturer's instructions. The detailed results were shown in Tables 1 and S1 , and the description of the species.
Isoprenoid quinone of strain AFRC7-2-1 T and strain CFD7-4-2 was measured using reversed-phase HPLC as previously described [12] . The ubiquinone system of strain AFRC7-2-1 T was detected as quinone-8 (Q-8) (60.1 %), menaquinone-6 (MK-6) (19.1 %), menaquinone-7 (MK-7) (10.9 %), and quinone-7 (Q-7) (9.6 %). The ubiquinone system of strain CFD7-4-2 T was detected as quinone-8 (Q-8) (46.7 %), menaquinone-6 (MK-6) (30.6 %), menaquinone-7 (MK-7) (14.6 %), and quinone-7 (Q-7) (8.1 %). The amount of quinone system of the two strains showed slight difference with P. sedimenticola NBRC 101628 T , in which Q-8 (77-79 %), MK-7 (16-17 %), and MK-6 (4-5 %) were the major component [1] .
For the analysis of cellular fatty acids, strains AFRC7-2-1 T , CFD7-4-2 and P. sedimenticola NBRC 101628
T were cultured on MA plates at 28 C for 2 days, the cellular fatty acids were extracted from the cells and identified following the protocol of the standard MIDI (Sherlock Microbial Identification System, version 6B). The predominant fatty acids of strain AFRC7-2-1 T consisted of iso-C 15 : 0 , summed a little higher than reference strain P. sedimenticola NBRC 101628 T , while the amount of summed feature 8 and iso-C 13 : 0 was lower. The detailed amount of the fatty acid profile was listed in Table 2 .
The polar lipid of strain AFRC7-2-1 T was tested. It was cultured in MB at 25 C. The cells were collected by centrifugation and subjected to freeze drying. Polar lipids were extracted using a chloroform/methanol system, and analysed using one-and two-dimensional TLC. Merck silica gel 60 F254 aluminum-backed thin-layer plates were used in TLC analysis. The TLC plates were sprayed with sulfuric acid/ethanol (1 : 2, v/v) followed by heating at 150 C for 3 min to detect phospholipids and glycolipids (Fig.  S5a) . The TLC plates were also visualized by treating the plates with 10 % (w/v) molybdatophosphoric acid followed by heating at 150 C for 5 min (Fig. S5b) . Specific functional groups were detected using spray reagents (ninhydrin, molybdenum blue, Schiff, Dragendoff, and anisaldehyde) specific for defined functional groups. The predominant polar lipids of strain AFRC7-2-1 T were identified as phosphatidylethanolamine (PE), phosphatidylglycerol (PG), unidentified phospholipid (PL), and other three minor unidentified lipids (Ls). The polar lipids of strain AFRC7-2-1 T were similar to P. sedimenticola NBRC 101628
T [1] .
Combined the above results, strains AFRC7-2-1 T and CFD7-4-2 represented a novel species within the genus Paraferrimonas. They showed different phenotypic characteristics, fatty acids and quinone system in comparison with the reference strain P. sedimenticola NBRC 101628
T . The polar lipids of strain AFRC7-2-1 T were similar to P. sedimenticola NBRC 101628
T . The genomic similarity values (DDH and ANI) of strains AFRC7-2-1 T and CFD7-4-2 compared with P. sedimenticola NBRC 101628
T strongly supported that the two strains AFRC7-2-1 T and CFD7-4-2 represent a novel species. Therefore, the name Paraferrimonas haliotis sp. nov. was proposed, with the type strain AFRC7-2-1
T (=MCCC 1A11748
T =KCTC 52632 T =NBRC 112785 T ) and another strain CFD7-4-2 (=MCCC 1A11749=KCTC 52631=NBRC 112786), which were isolated from the intestine of abalone, Haliotis discus hannai.
DESCRIPTION OF PARAFERRIMONAS HALIOTIS SP. NOV.
Paraferrimonas haliotis (ha.li.o¢tis. N.L. gen. n. haliotis of the abalone Haliotis, collected from Jinjiang, Fujian Province, China).
The bacterial cell is stick-shaped, and non-flagellated. It is a facultative anaerobic bacterium and can reduce Fe(III) to Fe (II). Cells can grow at the temperature of 15 to 37 C with optimum of 28 C, no growth was observed at 45 C; salinity from 0.5 to 6 % (NaCl, w/v) with optimum of 3 to 4 %, and pH from 6 to 10 with optimum of 7 to 8.
Activities of oxidase and catalase are positive. Positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-glucosidase and N-acetyl-b-glucosaminidase; weak positive for valine arylamidase and cystine arylamidase; negative for lipase (C14), a-galactosidase, b-galactosidase, b-glucuronidase, b-glucosidase, a-mannosidase and b-fucosidase.
Positive for degradation of aesculin, nitrite reduction and 4-nitrophenyl-b-D-galactopyranoside; negative for degradation of gelatin. It cannot grow on the following sole carbon sources: D-glucose, D-mannose, D-mannitol, maltose, Larabinose, N-acetylglucosamine, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid.
Negative for production of H 2 S and Voges-Proskauer reaction, degradation of urea, indole production from tryptophan, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, and negative for fermentation of glucose, mannitol, inositol, sorbitol, rhamnose, sucrose, melibiose, amygdalin and arabinose.
The major fatty acid is iso-C 15 : 0 and summed feature 3 (16 : 1!7c and/or 16 : 1!6c). The major quinones are Q-8, MK-7, MK-6, and Q7. The predominant polar lipids were identified as phosphatidylethanolamine (PE), phosphatidylglycerol (PG), one unidentified phospholipid (PL) and three minor unidentified lipids (Ls).
The type strain is AFRC7-2-1 T (=MCCC 1A11748  T =KCTC  52632 T =NBRC 112785 T ), which is isolated from the intestine of abalone, H. discus hannai. The genomic DNA G+C contents of two strains were 47.2 mol%.
EMENDED DESCRIPTION OF THE GENUS PARAFERRIMONAS
Cells are non-flagellated or have a polar flagellum. The DNA G+C contents are 47.2-51 mol%. The major quinones are Q-8, MK-6, MK-7 and Q-7.
